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Abstract. Refurbishment of the building façades of residential buildings, including insulation, is often con-
sidered as the most energy efficient renovation measure with the largest potential. One of the solutions to in-
crease energy efficiency is the selection of the appropriate insulation materials of the external walls. The arti-
cle proposes the approach for selection of the insulation material based on SAW multiple criteria assessment 
method. The proposed methodology is applied for the case of insulation material selection in refurbishment 
of 12-storey building in Vilnius, Lithuania. Research reveals that rock wool outperforms other materials by 
thermal conductivity, light weigh, water vapour diffusion resistance, highest flammability class, durability 
and lowest emission of CO2 and is an efficient insulation to be used for sustainable refurbishment solutions. 
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Introduction 
In the European Union (EU), the building sector uses 
40% of total final energy consumed (of which heating 
and cooling accounts around 70%) and releases about 
36% of total CO2 emissions (EU 2010). Consequently, 
the European energy policy has an explicit orientation 
towards the conservation and rational use of energy in 
buildings such as the Energy Performance of Buildings 
Directive (EPBD) (2010/31/EU (EC 2010)) states. The 
EU aims to reduce GHG emissions by 20% below the 
levels of 1990 for 2020, 40% for 2030, and an addition-
ally from 80 to 95% in 2050 (EC 2011). 
Most of the European countries have succeeded 
in reducing energy consumption of new dwellings by 
more than 50% without increasing their building cost, 
and therefore energy efficiency has achieved great ac-
ceptance among building owners (Kaklauskas et  al. 
2006). However, these buildings represent about 20% 
of the building stock but consume only 5% of the ener-
gy. Even if all future buildings were to be built so that 
their electrical energy and heat energy demands were 
very low, it would still only mean that the increase in 
energy demand would be reduced. It would not reduce 
present demand. Therefore, for future years, measures 
taken in existing buildings will have the most signifi-
cant effect on the total energy demands in the building 
stock (Asadi et al. 2012). Moreover, 75% of buildings 
for 2050 are already built in Europe. Also, nearly 40% 
of all residential buildings in the EU were built before 
1960 and almost 84% are at least 20 year-old (OECD/
IEA 2013).
In view of climate change, aging housing stocks 
and heavy energy consumption, it is important to pro-
mote integrated refurbishment of the residential areas, 
and to understand the importance of efficient mod-
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ernization, deployment of new technology and use of 
renewable energy resources (Raslanas et al. 2011; Sula-
katko et al. 2016). According to Asadi et al. (2014), re-
furbishment of the existing buildings offers significant 
opportunities for improving occupants’ comfort and 
well-being, reducing global energy consumption and 
greenhouse gas emissions. This is being considered as 
one of the main approaches to achieve sustainability in 
the built environment at relatively low cost and high 
uptake rates. 
With every year number of building refurbish-
ment works is growing and in many economically 
developed countries worldwide is now taking about 
50% of all building construction market (Cattano et al. 
2013; Thollander et al. 2012; Teo, Runeson 2012). The 
main reason for this tendency is the increasing price of 
energy and the will of stakeholders to pay lower bills. 
According to the changes in construction market it can 
be predicted that today’s homes will comprise at least 
80% of the 2050 housing stock and because of rising 
prices on energy they will need to be retrofitted for 
better energy performance (Foley 2012).
The growth in building refurbishment works is 
creating a demand for suitable materials, retrofitting 
techniques and research (Zagorskas et  al. 2014). Al-
though a wide range of retrofit technologies is already 
available, methods to identify the most suitable set of 
retrofit actions for particular projects are still a major 
technical and methodological challenge (Asadi et al. 
2014).
The façade is a primary system and a particular 
focus in high performance buildings. It is a fundamen-
tal system in deep energy retrofits, which are com-
prehensive interventions aimed at energy reductions 
greater than 50% (The American Institute…2013). The 
façade has evolved over time, accommodating a broad-
er range of functionality and performance. The result 
of this evolution of façade technology is the availability 
of higher performing products and materials that pre-
sent retrofit opportunities for existing façade systems. 
These retrofit opportunities are not the only drivers 
of façade renovation. Weathering processes, materials 
deterioration, and conditions of use decrease façade 
performance over time (Martinez et al. 2015). Even be-
fore reaching the end of their service live, depending 
upon system type and application, a façade system may 
require maintenance and partial renovation around 20 
or 30 years of being built (Giebeler 2009).
Building energy refurbishment in general and fa-
çade retrofit in particular, are relatively new areas of 
practice and research as the post-war buildings are 
aging and energy prices and concerns are increasing. 
Retrofitting of external walls and building façades of 
residential buildings, including insulation, is often 
considered as the most energy efficient renovation 
measure with the largest potential (Paiho et al. 2015). 
Most national building regulations that mandate 
thermal insulation of building envelopes were intro-
duced after the1970s, following the energy crisis (Bal-
aras et  al. 2005). In addition, compared to current 
regulations the first thermal insulation requirements 
were quite moderate. So, the energy saving potential 
is the largest in the oldest non-retrofitted buildings 
(Paiho et al. 2015).
Lithuania has the same energy efficiency goals 
as the rest of the European Union. Major energy ef-
ficiency and CO2 emission savings have to be achieved 
by 2050. The housing sector is the second largest en-
ergy consumer in Lithuania, and one with a high sav-
ing potential. Lithuania, as most European countries, 
experienced a post-war construction boom. More than 
70% of the residential buildings in Lithuania were built 
between 1960 and 1993. The majority of the buildings 
are, therefore, in bad condition and currently require 
refurbishment. As it was previously discussed, refur-
bishment of façades has highest potential and its ther-
mal insulation is the component of major importance.
Thermal insulation of buildings is a significant 
factor in maintaining the thermal comfort of the 
building’s users, particularly if we take extreme tem-
peratures in winter and summer into consideration. 
The insulation reduces undesirable losses of warmth 
(in winter) or excessive heat (in summer) and decreas-
es energy demand for heating and cooling. Thermal 
insulation in walls and roofs reduces overall need for 
air conditioning as well as the power required for air 
conditioning when it is used, further decreasing an-
nual energy costs. Proper insulation of buildings also 
brings additional benefits by reducing pollution emis-
sions, including CO2 (Dylewski, Adamczyk 2014).
Building thermal insulation materials are prod-
ucts that have various properties including mechanical 
strength, fire resistance, acoustic performance, hydro-
thermal property, etc. (Kono et al. 2015). In the case 
of the construction of insulation façade systems, the 
environmental implications are different depending on 
the type of façade system, the insulation materials used 
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and the location of the building (Sierra-Pérez et  al. 
2016). Among the building materials, the thermal in-
sulation materials have recently drawn increased inter-
est in the environmental field (i.e. Jelle 2011; Pargana 
et al. 2014). In addition, Life Cycle Impact Assessment 
(LCIA) of the materials is gaining its importance with 
the growing interest on the design of sustainable build-
ings. However, as noted by Kono et al. (2015) there is 
limited number of studies, that deal with the selection 
of the material considering multiple aspects.
The main aim of this article is to propose the mul-
tiple criteria based approach for selection of insulation 
materials for refurbishment of multi-storey buildings 
in Lithuania.
1. Literature review
In order to design and implement an efficient building 
refurbishment, it is necessary to carry out an exhaus-
tive investigation of all solutions that form it. The effi-
ciency level of the considered building’s refurbishment 
depends on a great many of factors, including: cost of 
refurbishment, annual fuel economy after refurbish-
ment, tentative pay-back time, harmfulness to health 
of the materials used, aesthetics, maintenance proper-
ties, functionality, comfort, sound insulation and dura-
bility, etc. (Kaklauskas et al. 2005). 
In light of the current EU guidelines in the en-
ergy field, improving building envelope performance 
cannot be separated from the context of satisfying the 
environmental sustainability requirements, reducing 
the costs associated with the life cycle of the building 
as well as economic and financial feasibility. Therefore, 
identifying the “optimal” energy retrofit solutions re-
quires the simultaneous assessment of several factors 
and thus becomes a problem of choice between several 
possible alternatives (Donnarumma, Fiore 2017). 
There are a number of models and methods de-
veloped to assess conditions and support decisions 
pertaining to building refurbishment. These method-
ologies can be categorized into two main approaches: 
the models in which alternative retrofit solutions are 
explicitly known a priori and the models in which al-
ternative retrofit solutions are implicitly defined in the 
setting of an optimization model (Asadi et al. 2014). 
However, comparing the different methods to assess 
the effectiveness of energy efficiency solutions, only 
two objective functions are usually used, such as: pri-
mary energy consumption and life-cycle cost, accord-
ing to the EPBD recast-2010 methodology; energy 
consumption and thermal comfort; single-score metric 
of environmental impact (e.g. Eco Point) and life cy-
cle cost; carbon dioxide equivalent emissions and life 
cycle cost; energy consumption and investment cost; 
carbon dioxide equivalent emissions and investment 
cost; or operating cost and thermal comfort. In a re-
duced number of studies, a greater number of objec-
tive functions are proposed (three or more), such as: 
energy consumption, operating cost, investment cost 
and payback period (PBP); energy consumption, ther-
mal comfort and life-cycle cost; energy consumption, 
thermal comfort and investment cost or energy con-
sumption, carbon dioxide equivalent emissions and 
investment cost (Lizana et al. 2016). 
The most common a priori approach is one in 
which the decision maker assigns weights to each cri-
terion, the weighted sum of the criteria then forming 
a single design criterion. It is then possible to find the 
single design solution that optimizes the weighted sum 
of the criteria (Asadi et al. 2014). In other words, al-
ternative refurbishment solutions of the buildings are 
evaluated by Multiple Criteria Decision Assessment 
(MCDA) methods. 
Gero et  al. (1983) were among the first to pro-
pose a multi-criteria analysis model to be used at the 
process of building design in order to explore the 
trade-offs between the building thermal performance 
and other criteria such as capital cost and usable area. 
More recently, other researchers have also employed 
MCDA techniques to similar problems. Kaklauskas 
et al. (2005) developed a multivariate design method 
for building’s refurbishment. This method was prac-
tically applied for refurbishment solutions of Vilnius 
Gediminas Technical University building. Moreover, 
Kaklauskas et  al. (2006) used COPRAS method for 
the selection of low-e windows in retrofit of public 
buildings. Ginevičius et al. (2008) applied six multiple 
criteria methods (SAW, TOPSIS, VIKOR, GV, VS, CO-
PRAS) for selection of building insulation solutions. 
Donath and Lobos (2009) created a new decision sup-
port system tool based on the building information 
modelling (BIM) software platform. This tool gener-
ates several options for building envelopes according 
to the required parameters. A new decision support 
system for the integrated assessment of thermal insu-
lation solutions with emphasis on recycling potential 
was presented by Anastaselos et al. (2011). 
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Asadi et al. (2012) defined a multi-objective op-
timization model for building retrofits in terms of en-
ergy consumption and investment cost. Fesanghary 
et al. (2012) developed a multi-objective optimization 
model to find an optimal building envelope design 
(wall, roof, ceiling and floor construction materials as 
well as glazing type) that minimizes the life cycle costs 
(LCC) and carbon dioxide equivalent emissions.
Zavadskas et al. (2012) used a joint method of the 
latters’ criteria of optimality called WASPAS (Weighted 
Aggregated Sum Product ASsessment) for ranking of 
façades. Four facade’s alternatives in terms of twelve 
criteria, involving physical, structural, economic, en-
vironmental and performance properties, were evalu-
ated. Three criteria of optimality were applied and al-
ternative decisions were ranked by Šaparauskas et al. 
(2010, 2011). Moreover, Zavadskas et al. (2013) evalu-
ated four building facades’ alternatives for public or 
commercial buildings considering a set of twelve cri-
teria. Ranking of alternatives was performed applying 
WSM, WPM methods, a joint criterion of weighted 
aggregation of the latter methods, also the ratio sys-
tem and the reference point approach as a parts of 
MOORA and the full multiplicative form. 
Penna et al. (2015) investigated the relationship 
between the initial characteristics of residential build-
ings and the definition of optimal retrofit solutions in 
terms of either maximum economic performance, or 
energy consumption minimization towards nZEBs be-
haviour for the lowest achievable thermal discomfort.
Šiožinytė et  al. (2014) applied TOPSIS Grey 
(Technique for Order Preference by Similarity to Ideal 
Solution with grey numbers) and AHP (Analytic Hier-
archy Process) methods for the case study of upgrad-
ing the old vernacular building.
Almeida and De Freitas (2016) proposed a meth-
odology to optimize the insulation thickness of the 
external walls and roof on school buildings retrofit. 
The procedure includes the optimization of the build-
ing performance considering the following objectives: 
the minimization of the annual heating load; the mini-
mization of the discomfort in the classrooms due to 
overheating; and the minimization of the life cycle cost 
of retrofitting external walls and roof. This methodol-
ogy was applied for two Portuguese school buildings.
Rasiulis et al. (2016) proposed the decision model 
for selection of optimal combinations of moderniza-
tion measures. The presented algorithm of decision 
synthesis method comprises method for integrated 
significance determination of efficiency indicators and 
multiple criteria decision methods SAW, COPRAS and 
TOPSIS. 
Some of the authors used MCDA methods for 
selection of the best thermal insulation alternative 
(i.e. Civic, Vucijak 2014; Zagorskas et al. 2014; Ruzgys 
et al. 2014, Kono et al. 2015). Civic and Vucijak (2014) 
considered several options for buildings’ insulation in 
Sarajevo and evaluated them by selected criteria, after 
that multi-criteria optimization method VIKOR was 
applied to rank the options and select the best one. 
Zagorskas et al. (2014) have analysed thermal insula-
tion alternatives of historic brick buildings in Baltic Sea 
Region. The five modern insulation materials were se-
lected; measurements made and best alternative found 
by using TOPSIS method with grey numbers. Ruzgys 
et  al. (2014) studied six cases of residential building 
modernization in Lithuania estimating criteria that 
are among the most important for implementation of 
apartment building modernization, such as the total 
cost of the external wall modernization, simple pay-
back period, work duration, and other parameters 
related to the characteristics of thermal insulation sys-
tems. SWARA-TODIM multi-criteria decision-making 
method was used to rank the alternatives. Kono et al. 
(2015) applied MCDA on common insulation materi-
als (stone wool and expanded polystyrene (EPS)) to 
examine its effectiveness when selecting more environ-
mentally friendly material. The study applied analyti-
cal hierarchy process (AHP) method.
From the review of literature it can be overserved 
that MCDA methods gain popularity in refurbish-
ment solutions. However, studies on thermal insula-
tion materials selection are still limited. Some of the 
mathematical models proposed by the authors are 
rather complicated, thus rarely applied in practice. To 
overcome this limitation authors propose to apply the 
simplified methodology for selection of the insulation 
materials.
2. Methodology
The decision maker in the retrofitting of existing build-
ings faces the challenge of solving a multi-objective op-
timization problem, taking into account multiple, and 
usually competitive, objectives and variables. Thus, the 
selection of the correct method and variables to iden-
tify the most effective refurbishment solutions is still 
a technical challenge (Ma et al. 2012). Authors of this 
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paper aimed to provide simple and clearly understand-
able assessment approach, thus MCDA method SAW 
(Simple Additive Weighting) was selected.
Simple Additive Weighting (SAW) method was 
summarized by MacCrimmon (1968). It is the oldest, 
most widely known and practically used method. The 
results clearly demonstrate the main concept of mul-
tiple criteria evaluation methods – the integration of 
the criteria values and weights into a single magnitude. 
This is also reflected in its title (Podvezko 2011).
Selection of the thermal insulation for refurbish-
ment of façades is illustrated in Figure 1. Multiple cri-
teria assessment of thermal insulation alternatives is 
performed by SAW method as follows.
Stage 1. Development of the decision-making ma-
trix:
 ×
 = = = [ ]
; 1, ; 1, ,ij m n
P x i m j n   (1)
where: n – number of alternatives; m – number of at-
tributes; xij – the attribute value of the jth alternative.
Here also the best values of each parameter are 
determined according to the Eq. (2):
 
=* mini iji
x x , 
if preferable is minimum of ith attribute; (2)
 =* maxi iji
x x ,
if preferable is maximum of ith attribute. 
Stage 2. Performing normalization of the decision-
making matrix. The normalized values of normalized 
decision-making matrix P  are calculated according to 
the Eq. (3):
 =
min iji
ij
ij
x
x
x
, 
if preferable is minimum of ith attribute; (3)
 
=
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x
x
x
, 
if preferable is maximum of ith attribute.
Stage 3. Defining weighted normalized matrix. 
Values of the matrix are calculated by multiplying val-
ues of P  matrix by corresponding weights of signifi-
cances of each attribute:
 ×
 = = = [ ]
ˆ ; 1, ; 1, ,i ij m n
P q x i m j n
 
 (4)
Stage 4. Defining efficiency criterion for each jth 
alternative:
 =
= = =∑
1
ˆ ; 1, ; 1, .
m
j ij
i
K x i m j n   (5)
Optimum variant and ranks of the alternatives are 
established by size K:
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3. Case study: selection of insulation materials for 
multi-storey building in Buivydiskiu st. 15, Vilnius
3.1. Description of the building
The selected building is located in the capital of Lithu-
ania – Vilnius, Seskine district (Fig. 2). It was built in 
Soviet era, in 1987. The building is 12 storeys high. 
Fig. 1. Model for selection of the thermal  
insulation alternatives
DISTINCTION OF POSSIBLE THERMAL INSULATION ALTERNATIVES
Construction of initial decision-making matrix  
Normalization of an initial decision-making matrix 
Determining of optimal values  and 
Calculation of the weighted normalized matrix  
Determination of SAW optimal criterion K  
Ranking of alternatives according  to SAW criterion values
SELECTION OF THE BEST INSULATION ALTERNATIVE
Determining of criteria weights  q   
AUDIT OF THE BUILDING  
MULTIPLE CRITERIA ASSESSMENT OF THE ALTERNATIVES
x  = min xi ij*
i
x  = max xi ij*
i
P P® 
P 
i
Fig. 2. Multi-storey building at Buivydiskiu st. 15, Vilnius
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Walls are constructed of prefabricated panels. Cur-
rently this building is 30 years old and is energy inef-
ficient. Average cost of heating for year 2015–2016 is 
1.13 EUR/m2 and exceeds costs of similar refurbished 
buildings by more than 60%. To improve the energy 
efficiency of the building, immediate refurbishment is 
necessary.
3.2. Thermal insulation alternatives
The European market of insulation materials is still 
dominated by two groups of products. Inorganic fi-
brous materials account for 57% of the market, pri-
marily consisting of glass wool (GW) (39%) and stone 
wool (SW) (18%). Organic foamy materials account 
for approximately 42% of the market, the most com-
mon of which is expanded polystyrene (EPS) (26%), 
followed by polyurethane (PU) (10%) and extruded 
polystyrene (XPS) (6%) (Larsson et al. 2012). 
Bjørn (2011) proposed an alternative classifica-
tion scheme (see Table 1). Author concludes that no 
single thermal insulation material is suitable for all 
applications. According to the author, future potential 
materials include nano-insulation, dynamic insulation, 
and the load-bearing insulation material NanoCon 
(Bjørn 2011). Other authors proposed new insulation 
solutions as insulation from hemp-polylactide fibres 
(Stapulionienė et al. 2016), processed straw (Vėjelienė 
2012) as well as new building orientation solutions 
(Hamdani et al. 2014).
In this article practical task of renovation is be-
ing solved, thus traditional thermal building insulation 
materials that correspond to building properties are 
chosen: styrofoam, rock wool and polyurethane foam. 
In Lithuania these materials are in common used for 
refurbishment purposes. 
Table 1. The division of thermal insulation materials by Bjørn 
(2011) (cited from Dylewski, Adamczyk 2014)
Classification Example materials
Traditional 
thermal building 
insulation
Mineral wool; expanded polystyrene 
(EPS); extruded polystyrene (XPS); 
cellulose; cork; polyurethane (PUR)
State-of-the-art 
thermal building 
insulation
Vacuum insulation panels (VIP); gas-fi 
lled panels (GFP); aerogels; phase change 
materials (PCM)
Possible future 
thermal building 
insulation
Vacuum insulation materials (VIM); 
gas insulation materials (GIM); nano-
insulation materials (NIM); dynamic 
insulation materials (DIM); concrete and 
applications of NIMs; NanoCon
Styrofoam has good insulating properties, relative-
ly low cost and easy mount. Today is one of the most 
popular insulation materials. Styrofoam is resistant to 
temperatures over 80 °C (Civic, Vucijak 2014). 
Rock wool has a high resistance to fire; it is va-
pour-permeable and partially waterproof. It is resist-
ant to aging and decay, and has a high compressive 
strength. Rock wool is obtained from the mineral 
stone, dolomite, basalt and diabase with the addition 
of coke (Civic, Vucijak 2014).
Polyurethane is widely used because it has a lot of 
good insulating properties. Polyurethane has a good 
resistance to humidity and temperature changes. One 
of the drawbacks is that the polyurethane is more ex-
pensive than styrofoam and fiberglass. Polyurethane is 
resistant to temperatures up to 250 °C briefly, so that 
the panel of polyurethane foam is suitable as a sub-
strate. Polyurethane foam can spurt on the surface or 
in a cavity (Civic, Vucijak 2014).
3.3. Assessment criteria and their weights
In Lithuania thermal insulation materials are usu-
ally selected by assessment of two criteria: price and 
thermal properties. However, as it was previously dis-
cussed, selection of material is multi-objective prob-
lem, thus extensive list of quantitative and qualitative 
criteria should be set.
According to Dylewski and Adamczyk (2014), 
when selecting an insulating material, it is impor-
tant to take the following criteria into consideration: 
1) thermal conductivity; 2) diffusion (penetration) of 
water vapour; 3) class of flammability; 4) resistance 
to chemical factors; 5) resistance to biological factors; 
6)  mechanical endurance (ability to transfer loads); 
7) impact on the environment.
Kono et  al. (2015) emphasised mechanical 
strength, fire resistance, acoustic performance, hy-
grothermal property of the materials. According to 
authors, Life Cycle Impact Assessment (LCIA) is also 
very important.
Civic and Vucijak (2014) in Sarajevo assessed ma-
terials by criteria as follows: costs of insulation, den-
sity, specific heat, thermal conductivity, water vapour 
diffusion resistance factor. Zagorskas et al. (2014) used 
similar criteria: cost of the material; complexity of the 
installation; heat transfer coefficient; loss of space after 
installing the selected material; hydrophobic/ moisture 
properties of the material.
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Basing on the literature review, the list of criteria 
was developed by authors specially for the case (see 
Table 2). Criteria represent economy of decisions, 
performance parameters, environmental impact of 
particular materials, structural and physical properties.
Second very important step is assessment of the 
weights of criteria. For this purpose, three project 
managers, working in construction sector (refurbish-
ment projects) and two associate professors from Vil-
nius Gediminas Technical University, with PhDs in 
technological sciences (civil engineering) were sur-
veyed. The experts were briefed and had to rank each 
criterion on a 10-point scale, where 10 means a very 
important criterion and 1 means an insignificant crite-
rion. According to survey results, criteria weights were 
calculated by Eq. (7):
 
=
=
∑
1
,ii r
i
i
s
q
s
  (7)
where si – estimated significance of the ith attribute, 
r – number of experts.
Assessment results revealed that experts give pri-
orities to commonly used criteria: costs of insulation, 
thermal, conductivity, water vapor diffusion resistance 
and durability. Small attention was given to CO2 emis-
sions (Table 2).
Reliability of the obtained weights was assessed by 
calculating the Kendall’s (1970) coefficient of concord-
Table 2. Description of assessment criteria and their weights
Title Measuring unit Max/Min Description Weight
q1
Costs of 
insulation for  
U = 0.40W/m2K
EUR/m3 Min
Measured by the known open market price of the product. Direct and 
indirect costs are evaluated. 0.178
q2
Compressive 
strength kPa Max
Choosing insulation with the right compressive strength is vital to en-
sure long-term performance. The compressive strength of insulation is 
a good indicator of its ability to prevent crushing. Values are estimated 
from materials’ specifications.
0.098
q3
Weight of the 
material kg/m
3 Min The lower the weight of material, the lower load of the house walls and foundations. Values are estimated from materials’ specifications. 0.044
q4
Coefficient 
of thermal 
conductivity
m²·K/W Min
Thermal conductivity – is a property of a substance to transfer the heat. 
This feature described the thermal conductivity coefficient. The lower 
the value, the better are the insulating properties of the material. Esti-
mated from materials’ specifications.
0.167
q5
Water vapour 
diffusion 
resistance
М*h/
(S*t*P) Min
Water vapour diffusion resistance factor is the resistance of material to 
the abandonment of water vapour into air, describes how water vapour 
penetrates through the material. If the temperature of the buildings is 
reducing, the steam is converted into dew and it favours to formation 
of moisture. The smaller value of this factor means greater permeability. 
Estimated from materials’ specifications.
0.138
q6 Durability years Max
Maximum durability of the material in years. Estimated according to 
specifications. 0.135
q7
Flammability 
class points Max
Resistance to fire, estimated by flammability class. Estimated by points 
according to the class (class A1 – 7; A2 – 6, B – 5; C – 4; D – 3; E – 2; 
F – 1). Estimated from materials’ specifications.
0.040
q8
Time of 
completion
100 m2/
hour Min
Number of working hours required to install 100 m2 of the insulation.
Assessed by SISTELA software. 0.025
q9
Complexity of 
the installation points Min
Some materials are more difficult to install than others; some of them 
require specific knowledge. The complexity level is from 1 – fairly sim-
ple/everyone can do it; 2 – normal/requires the craftsmen with some 
practice; 3  – average/requires craftsmen with more knowledge and 
skills, 4 – complex/requires person understanding the risks and theory 
of moisture regimen and thermal conductivity, 5 – highly problematic/
difficult to apply without high risk of damage in the future).
0.098
q10
Emission of
CO2
kgCO2/kg Min
Carbon dioxide emissions of the material. Estimated according to find-
ings of Civic and Vucijak (2014) 0.076
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ance, which express the agreement of the respondents’ 
opinions. There were no reiterated ranks, thus the co-
efficient of concordance was calculated according to 
the Eq. (8):
 
=
−2 3
12
( )
SW
r m m
; ∈  0;1W ,  (8)
where S is the total square deviation of the rankings of 
each attribute; r – the number of experts and m – the 
number of evaluation attributes (criteria).
Obtained concordance coefficient is equal to 0.96, 
meaning that opinions of experts were highly consis-
tent and the determined weights can be used for fur-
ther calculations.
3.4. Multiple criteria assessment of the alternatives
Following algorithm of SAW method, initial decision-
making matrix was created (see Table 3). According 
to Eq. (3) normalisation of the matrix was performed 
(Table 4) and according to Eq. (4) the weighed matrix 
was calculated. Finally the efficiency of each alterna-
tive was calculated according to Eq. (5) (see Table 5). 
Calculations revealed the order of insulation materi-
als preferences: Rock wool (RW)  Polyurethane foam 
(PU)  Styrofoam (EPS). 
The obtained results are consistent with find-
ings of Kono et al. (2015). Authors revealed that when 
compression strength is top priority, EPS is superior 
to rock wool. With all the other cases, rock wool was 
preferable over EPS. Even without weighting of criteria 
it is clear that rock wool outperforms other materials 
by thermal conductivity, light weigh, water vapour dif-
fusion resistance, highest flammability class, durability 
and lowest emission of CO2. 
An estimated efficiency of other insulation ma-
terials is relatively similar. Polyurethane foam out-
performs other materials by very high compressive 
strength and low time costs, while styrofoam – by low-
est material costs and easy installation. Latter proper-
ties of styrofoam were also recognised by Civic and 
Vucijak (2014).
Even the price is higher, considering other prop-
erties, it is recommended to choose rock wool for the 
insulation of the multi-storey building in Buivydiskiu 
st. 15.
Table 3. Decision-making matrix
Max/
Min
Alternatives
Styrofoam Rock wool
Polyurethane 
foam
Costs of insulation 
for  
U = 0.40 W/m2K
Min 15.9 23.13 16.19
Compressive 
strengh Max 70 45 242
Weight of the 
material Min 16.4 90 45
Coefficient 
of thermal 
conductivity
Min 0.039 0.036 0.028
Water vapour 
diffusion 
resistance
Min 0.06 0.3 0.05
Durability Max 25 50 20
Flammability class Max 2 7 5
Time of 
completion Min 80 94 20
Complexity of the 
installation Min 1 2 2
Emission of CO2 Min 1.28 1.01 3.48
Table 4. Normalised decision-making matrix
Max/
Min
Alternatives
Styrofoam Rock wool
Polyurethane 
foam
Costs of insulation 
for  
U = 0.40 W/m2K
Min 1.000 0.687 0.982
Compressive 
strengh Max 0.289 0.186 1.000
Weight of the 
material Min 1.000 0.182 0.364
Coefficient 
of thermal 
conductivity
Min 0.718 0.778 1.000
Water vapour 
diffusion 
resistance
Min 0.200 1.000 0.167
Durability Max 0.500 1.000 0.400
Flammability class Max 0.286 1.000 0.714
Time of 
completion Min 0.250 0.213 1.000
Complexity of the 
installation Min 1.000 0.500 0.500
Emission of CO2 Min 0.789 1.000 0.290
112 I. Lill et al. Selection of the insulation materials for refurbishment purposes
Conclusions
Most buildings standing today will be a part of the 
building stock in 2050. Refurbishment of the existing 
buildings offers significant opportunities for improv-
ing occupants’ comfort and well-being, reducing glob-
al energy consumption and greenhouse gas emissions. 
The facade is a primary system in high performance 
buildings. In terms of energy, the façade is a funda-
mental system in deep energy retrofits, which are com-
prehensive interventions aimed at energy reductions 
greater than 50%.
Building thermal insulation materials are prod-
ucts that have various properties including mechani-
cal strength, durability, thermal conductivity, fire 
resistance, acoustic and hydrothermal performance, 
etc. However, in Lithuania thermal insulation materi-
als are usually selected by assessment of two criteria: 
price and thermal properties. In light of the current 
EU guidelines, improving building façade performance 
cannot be separated from the context of satisfying the 
environmental sustainability requirements. Therefore, 
identifying the most efficient thermal insulation alter-
natives requires the simultaneous assessment of several 
criteria and thus becomes multiple criteria decision 
problem.
Authors of this paper proposed simple and clearly 
understandable assessment approach for selection of 
insulation materials based on MCDA method SAW. 
This approach was applied for the case of multi-storey 
building refurbishment in Buivydiskiu st. 15, Vilnius, 
Lithuania.
Three thermal insulation alternatives (EPS, RW 
and PU) were selected and assessed by ten criteria, 
representing economy of decisions, performance pa-
rameters, environmental impact, structural and physi-
cal properties. Calculations revealed the order of insu-
lation materials preferences: Rock wool (RW)   Pol-
yurethane foam (PU)   Styrofoam (EPS). Rock wool 
outperforms other materials by thermal conductivity, 
light weigh, water vapour diffusion resistance, highest 
flammability class, durability and lowest emission of 
CO2. Even the price is higher, considering other prop-
erties, it is recommended to choose rock wool for the 
insulation of the multi-storey building in Buivydiskiu 
st. 15.
SAW method demonstrated the ease of its ap-
plication, thus it can be successfully used in practice, 
when it is necessary to determine the ranking order of 
refurbishment alternatives according to many conflict-
ing quantitative and qualitative criteria. 
However, the study has some limitations to be 
mentioned. In order to achieve more accurate results, 
it is recommended to use more than one multiple cri-
teria assessment method. Also, more criteria can be 
included into system of criteria. These limitations will 
be solved in future research.
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Table 5. Weighted decision-making matrix
Max/
Min
Alternatives
Styrofoam Rock wool
Polyurethane 
foam
Costs of insulation 
for  
U = 0.40 W/m2K
Min 0.178 0.122 0.175
Compressive 
strengh Max 0.028 0.018 0.098
Weight of the 
material Min 0.044 0.008 0.016
Coefficient 
of thermal 
conductivity
Min 0.120 0.130 0.167
Water vapour 
diffusion 
resistance
Min 0.028 0.138 0.023
Durability Max 0.067 0.135 0.054
Flammability class Max 0.011 0.040 0.029
Time of 
completion Min 0.006 0.005 0.025
Complexity of the 
installation Min 0.098 0.049 0.049
Emission of CO2 Min 0.060 0.076 0.022
Efficiency (Rj) 0.641 0.722 0.658
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